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Wednesday, February 6, 2013 601aspectroscopic analysis of the effects on membrane structure and dynamics of
two very different AMPs: the cationic PMAP-23, which creates pores accord-
ing to the ‘‘carpet’’ model, and alamethicin, which forms ‘‘barrel-stave’’ chan-
nels. By using fluorescence anisotropy measurements on liposomes comprising
probes localized at different depths in the bilayer, we measured peptide effects
on membrane fluidity and order. Laurdan spectral shifts provided indications
about water penetration in the bilayer. In the case of PMAP-23, it was possible
to focus specifically on the lipids surrounding the peptide by following the
membrane-probe fluorescence due to FRET from the peptide Trp residues.
Finally, peptide-induced perturbation of lateral mobility and domain formation
were determined by several methods. All experiments were compared with
liposome-leakage measurements: while for PMAP-23 all membrane-
perturbing effects are correlated with the vesicle leakage process, alamethicin
does not significantly influence membrane dynamics at the concentrations in
which it forms pores. Surprisingly, in all cases the most significant peptide-
induced effect is a reduction in membrane fluidity.
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Understanding the Induction and Stabilization of Transmembrane Pores
by Peptides
Alan E. Mark.
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Antimicrobial peptides of the innate immune system represent our first line
of defense against infection. They exhibit a broad range of microbicidal ac-
tivity encompassing Gram-positive and -negative bacteria, mycobacteria and
spirochetes as well as some fungi and enveloped viruses. Common antimi-
crobial peptides act by forming transmembrane channels or pores.1,2 Despite
these seemingly generic properties their activity toward certain cell types is
often highly sequence dependent.3 This raises critical questions as to how
these peptides discriminate between different cell types based on the mem-
brane composition. Using molecular dynamics simulations, the structural
properties of a range of pore forming peptides has been examined in solution
and a variety of membrane environments. It is shown that pore forming pep-
tides have a strong preference for regions of high membrane curvature and
that the structure adopted is dependent on the degree of local curvature.
The simulations further suggest that it is a correspondence between curvature
of the peptide and the intrinsic curvature of the membrane that could account
for the effect of variation in head group and tail length on antimicrobial
activity.
[1] Leontiadou, H, Mark, AE and Marrink, SJ Antimicrobial peptides in action.
J. Am. Chem. Soc. 2006, 128, 12156-12161.
[2] Sengupta, D., Leontiadou, H., Mark, A. E. and Marrink, S. J. Toroidal Pores
Formed by Antimicrobial Peptides Show Significant Disorder. Biochim. Bio-
phys. Acta - Biomembranes. 2008, 1778, 2308-2317.
[3] Yesylevskyy, S., Marrink, S. J. and Mark, A. E. Alternative mechanisms for
the interaction of the cell-penetrating peptides Penetratin and the TAT peptide
with lipid bilayers. Biophys. J. 2009, 97, 40-49.
[4] Chen, R., Mark, A. E. The effect of membrane curvature on the conforma-
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Squalamine (3b-N-1-{N-[3-(4-aminobutyl)]-1,3-diaminopropane}-7a,24R-
dihydroxy-5a-cholestane-24-sulfate), an aminosterol from the dogfish shark
(Squalus acanthias), is a potent antimicrobial compound believed to act
through plasma membrane lysis. In this report, the antimicrobial activity
of squalamine, several structurally related analogs, and bile acid based ami-
nosterols are characterized using two different assays. The structurally sim-
ilar analogs vary in the stereochemistry at the 3- and 7- substitutents, and
also in the length and composition of the polyamine added at C-3. The
bile acid analogs are generated by the addition of diaminopropane to C-3
of common bile acid methyl esters. The antimicrobial activity of the analogs
was assessed against four bacterial strains. Membrane lytic activity was as-
sayed using large unilamellar vesicles encapsulating a fluorescent calcein
dye. Both vesicle lysis and antimicrobial activity of the aminosterols are
shown to improve with more cationic groups on the polyamine substituent
at C-3. Also, analogs with a 7a-OH substitutent are more effective than their
7b-OH analogs. The bile acid analogs were significantly less active than
squalamine.The results suggest that the stereochemistry of the C7-OH group
and the A/B ring junction is important in aminosterol activation at the mem-
brane surface.3098-Pos Board B253
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We introduce a new method for monitoring and quantitating the transport of
materials across a model cell membrane. As a proof-of-concept, the cell-
penetrating peptide, Pep-1, was used to carry horseradish peroxidase (HRP)
across droplet-interface bilayers (DIBs). Two sub-microliter, lipid-encased
aqueous droplets form a membrane at the contacting interface, through which
enzyme-peptide complexes pass during transport. Following transport, the
droplets are separated and the captured enzymes are assayed by a fluorogenic
reaction. The DIB method recapitulates the findings of earlier studies involving
Pep-1, including the dependence of protein transport on voltage and mem-
brane charge, while also contributing new
insights. Specifically, we found that leaflet
charge symmetry may play a role in Pep-
1-mediated protein translocation. We antic-
ipate that the DIB method may be useful
for a variety of transport-based studies, in
particular those which must make use of
tiny quantities of purified species.3099-Pos Board B254
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Substitution of Ala 108 and Ala 111 in the 107-115 human lysozyme peptide
results in a 20 fold increase in the anti-staphylococcal activity and decrease
its hemolytic activity which becomes significant only at 10 fold its MIC.
This analog displays an additional positive charge near the N-terminus (108)
and an extra Trp residue at the center of the molecule (111), suggesting that
this constellation improves its interaction with the bacterial membrane. In order
to understand the role of this arrangement in the membrane interaction, studies
with model lipids membranes were carried out. The interaction of both pep-
tides, 107-115 hLz and the novel analog ([K108 W111]107-115 hLz) were
evaluated on liposomes by monitoring the fluorescence changes of its Trp res-
idues and on lipid monolayers by monitoring the variation of the surface pres-
sure. Results from both techniques revealed significant increase of lipid affinity
of [K108 W111]107-115 hLz, specially in the presence of negatively charged
lipid as POPG, but also a significant interaction with zwiterionics lipids that
suggest that not only the electrostatic force are involved in the affinity increase.
The peptides locations into membranes were also studied by fluorescence
quenching techniques without any significant difference between both peptides,
suggesting that the enhanced in the antimicrobial activity might be ascribed to
an increased affinity. All together the data suggest that the enhanced activity of
peptide [K108 W111]107-115 hLz might be explained by a synergy effect be-
tween the increased electrostatic forces (substitution of A by K at position 108)
as well as the increased hydrophobic interactions (substitution of A byW at po-
sition 111). The substitutions might stabilize the peptide in the membrane.
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The mechanism by which the antimicrobial peptides (AMPs ) disrupt the cell
membranes is not well understood. In vitro experiments have shown that the
way different AMPs permeabilize membranes could be substantially different.
Thus magainin-2, an AMP found in the skin of Xenopus laevis is found to cause
efflux of dye from vesicle in the all-or-none mode, while melittin, the AMP
found in the honey bee venom, is known to cause a graded release of the
dye. Here we report coarse-grained simulations of melittin and magainin-2
on phophoplipid bilayers using MARTINI force field with both standard and
polarisable water models. Simulations with DPPC bilayers using standard wa-
ter model showed difference in peptide assemblies within the bilayer interior.
While magainin-2 peptides aggregate in large number (17 to 19) and form
larger disordered toroidal pores through which water flows, melittin formed
smaller pores that leak water occasionally. Melittin channels contained 4-6 pep-
tides, some in U-conformation. These results are consistent with dye efflux
602a Wednesday, February 6, 2013experiments. We also performed simulations of systems containing melittin
peptides and charged membranes consisting of a DPPC/POPG mixture and
using a polarisable water model. We observed that melittin spontaneously
inserted into the bilayer and formed transmembrane aggregates consisting of
2-3 peptides. These aggregates then fell apart causing a transient toroidal
pore as peptides translocated to the other leaflet of the membrane. Melittin
was also found to cause lipid flip-flops between the leaflets.
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Antimicrobial peptides (AMPs) are part of the innate immune system of most
organisms, where they protect the organism from a variety of microbial agents.
Research is ongoing to utilize AMPs and their derivatives for medicinal pur-
poses, such as antibiotics that are less likely to induce antibiotic resistance in
bacteria. This work focuses on the AMP Maximin 3, which is derived from
the skin secretions of the toad Bombina maxima. Maximin 3 is a 27 amino
acid cationic peptide that has strong activity against a variety of bacterial, fun-
gal, and viral microbes and is thought to cause toxicity by interaction with the
plasma membrane, though this interaction has not previously been observed.
However, Maximin 3 is also toxic to mammalian cells and cannot be used ther-
apeutically. The goal of this work is to characterize the membrane-binding of
Maximin 3 with the ultimate goal of redesigning its sequence to increase selec-
tivity for microbial membranes.
This work examines four aspects of Maximin 3’s interaction with mem-
branes. First, fluorescence anisotropy was used to quantify the binding of
Maximin 3 to model lipid membranes that mimic the composition of micro-
bial or mammalian membranes. Maximin 3 was also observed binding to
E. coli using fluorescence microscopy. Second, Fo¨rster resonance energy
transfer was used to examine the structural changes that Maximin 3
undergoes upon membrane binding and to probe for structural differences
between Maximin 3 bound to bacterial and mammalian model membranes.
Third, fluorescence-based vesicle leakage assays were used to directly mon-
itor membrane disruption caused by Maximin 3. And fourth, predicted struc-
tures of Maximin 3 and other Maximin peptides bound to membranes were
prepared using Rosetta. Our results provide a comprehensive picture of
Maximin 3 membrane interactions and suggest sequence modifications that
may increase selectivity of the peptide.
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In this work, we focused on piscidin 1 (P1) and 3 (P3), which are twenty-two-
residue-long amphipathic, cationic antimicrobial peptides (AMPs) isolated
from hybrid striped bass. Extensive work has been reported on characterizing
the atomic-level structure of both P1 and P3 in magnetically and mechanically
aligned bilayers using solid-state NMR. Here we investigated the mechanism
of action of both P1 and P3 with supported lipid bilayers (SLB), using a quartz
crystal microbalance with dissipation monitoring (QCM-D). In order to
mimic bacterial cell membranes, we selected a 3:1 ratio of 1-palmitoyl-
2-oleoyl-sn-glycero-3-phosphocholine (POPC) to 1-palmitoyl-2-oleoyl-sn-
glycero-3-phosphoglycerol (POPG). Liposomes were deposited onto
a QCM-D silicon oxide crystal until SLB formation, then P1 and P3 were in-
troduced into the system and the interaction between the peptide and the lipid
system was monitored by changes in frequency (Df) and energy dissipation
(DD). Different concentrations (2-20 mM) of the peptide and buffer conditions
(pH 6.0 and 7.4) were tested. In particular we observed a Df increase (~ mass
removal) as we increased the concentration of P1 at pH 7.4, suggesting lipid
removal, membrane thinning, or pore formation; while at pH 6.0 the Df de-
crease (~ mass addition) was probably due to the electrostatic interaction be-
tween the more cationic peptide and the anionic POPG. For a quantitative
assessment of the effects on the SLB, we have obtained the shear viscosity
and shear modulus as a function of piscidin type and concentration via a fit
of the well-known Voigt model to the data. In all cases, DD values were
a clear indication of the destabilization of the SLB. Overall, this study, which
demonstrates quantitative P1 and P3 disruption of a bacterial membrane
mimic, assists in better understanding the mode of action of piscidins and re-
lated AMPs.3103-Pos Board B258
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The ginsenoside is extracted from the ginseng. Most people believe it is good
for health. Ginsenoside has long been reported to be biologically active, most
often as having anticancer, anti-transfer for the tumor and will increase the
immunity. In the recent research, we found the ginsenoside has obvious thin-
ning effect and we also found the antimicrobial peptides have thinning effect,
too. However, how the ginsenosides influences the peptide state in the lipid
bilayers is still not clear. In this paper, we used the lamellar x-ray dif-
fraction(LXD) and the oriented circular dichroism(OCD) to study the ginse-
nosides effect on the peptides pore formation. The result shows the
ginsenosides will induce the melittin to transit into the insertion state more
easily. That implies the ginsenosides will first bind to the lipid bilayers
and reduce most of the head-group volume of the lipid bilayers. Therefore,
the melittin binding to the lipid bilayers will enhance larger deformation en-
ergy after the ginsenosides. It also supports that the ginsenosides can effec-
tively control the host membrane and then affects the state of the peptdes, so
it will induce the peptide to transit into the insertion state from the surface
state more easily.
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Antimicrobial lipopeptides (AMLPs) are a series of acylated cationic pep-
tides with broad-spectrum antimicrobial activity and low hemolytic activity.
We used microsecond-scale coarse-grained molecular dynamics simulations
with the MARTINI force field to understand AMLPs’ modes of action. Rig-
orous free energy calculations have been performed to probe the mechanism
for their selectivity for different membranes. Although these studies provided
useful insights, artifacts arising from the coarse representation of electrostat-
ics in MARTINI force field complicated further interpretation of the simula-
tions. To address this deficiency, we are developing a new coarse-grained
force field for AMLPs and lipids based on elliptical Gay-Berne van der
Waals potential and electric multipoles. This force field will retain much
of the computational efficiency of current coarse-grained models while the
detailed representation of electrostatics and molecular shape in this force
field will provide more realistic descriptions of molecular interactions among
AMLPs and membrane lipids.
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Antimicrobial peptides are naturally occurring components of the innate im-
mune system which serve as a first line of defense against bacterial infec-
tion. While hundreds of antimicrobial peptides have been identified from
natural sources, there is little in the way of consensus sequences that can
identify peptides as antimicrobial. Instead, these peptides are more easily de-
fined by the chemical properties of amphiphilicity, cationic net charge, and
short length (10-30 aa). In an attempt to further elucidate the chemical
mechanisms that play a role in antimicrobial activity, we compared two tem-
plate peptides (C18G derived from human platelet factor and Ponericin L1
derived from ponerine ant venom) which contain arginine as the cationic
moieties to the analgous pair which contain 2 - amino - 3 - guanidino-
propionic acid. This effectively shortens the side chain length without
modifying the cationic identity. We characterized these systems using a com-
bination of CD spectroscopy for structure formation, fluorescence spectros-
copy and quenching for lipid binding affinity, and microbiological
techniques to investigate antibacterial efficacy. We found that the arginine
analogs behaved similar to the parent peptides with respect to secondary
structure formation in the presence of lipid bilayers, ability to permeabilize
bacterial membranes, and ability to bind to anionic bilayers with high affin-
ity. The same experiments were carried out on the 2 - amino - 3 - guanidi-
nopropionic acid analogs. Overall this approach allows for SAR-like
investigations into peptide structure/function relationships using natural
and non-natural amino acids.
